1. Introduction {#sec1}
===============

The first confirmed case of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) or COVID-19 infection in the United States was reported on January 31, 2020 in Washington state. Soon thereafter, the COVID-19 pandemic spread across the country and placed the United States healthcare system under substantial strain. Following the first confirmed case of COVID-19 in New York state on March 1, 2020, New York City quickly became the epicenter of the COVID-19 outbreak in the United States.

As the COVID-19 outbreak continues, there have been anecdotal and epidemiological evidence of patients avoiding hospitals and clinics despite requiring medical care, with significant decreases in hospital admissions for non-COVID-19 diagnoses.[@bib1] Potential delays in presentation for hip fractures are concerning given the morbidity and mortality associated with prolonged immobilization and delayed care.[@bib2], [@bib3], [@bib4] An additional concern is the potential independent effects of COVID-19 infection on early outcomes in the subgroup of hip fracture patients who are infected. The 1-year mortality rate in hip fracture patients has traditionally been estimated to be approximately 30%,[@bib5] while the 30-day mortality rate has been reported to be 5%--7%.[@bib4]^,^[@bib6] Early reports from Wuhan, China and Italy, however, have showed significantly higher early mortality rates in patients with a hip fracture and COVID-19 infection.[@bib7], [@bib8], [@bib9]

As of May 26, 2020, there have been no studies specifically examining outcomes in patients with hip fractures and COVID-19 infection who undergo surgical intervention in the United States. The purpose of this study was to report the clinical characteristics and early outcomes in a series of COVID-19-positive hip fracture patients who underwent surgery during the COVID-19 outbreak in New York City.

2. Methods {#sec2}
==========

This research was approved by our internal Institutional Review Board. A retrospective cohort study was performed of patients ≥60 years of age who had positive COVID-19 diagnostic testing and underwent primary hip fracture surgery at our institution in New York City during the COVID-19 outbreak from March 1, 2020 to May 22, 2020. All patients at our institution who were hospitalized during the COVID-19 outbreak underwent COVID-19 diagnostic testing with a real-time reverse transcription polymerase chain reaction (RT-PCR) assay for the qualitative detection of nucleic acid from SARS-CoV-2 in nasopharyngeal swabs. COVID-positive hip fracture patients who were treated non-operatively were excluded, as our specific aim in this study was to examine outcomes after operative treatment of hip fractures. Other exclusion criteria included bilateral hip fractures, periprosthetic hip fractures, and revision hip surgery.

Patient demographics were collected, including age, gender, and medical comorbidities. Evidence of COVID-19 infection was recorded, including clinical signs and symptoms, as well as laboratory testing and chest radiograph findings. The administration of any COVID-19-specific medical treatments were noted. The mechanism of injury, fracture type, and surgery performed were reviewed for all patients. Fractures were classified according to the AO/OTA classification. All patients were allowed to weight bear as tolerated postoperatively. Perioperative variables included laboratory testing on admission, time to surgery, and type of anesthesia. Laboratory testing included white blood cell (WBC) count, hemoglobin (Hgb), hematocrit (Hct), platelets, sodium, potassium, creatinine, prothrombin time (PT), international normalized ratio (INR), partial thromboplastin time (PTT), and inflammatory markers. Inflammatory markers included procalcitonin, C reactive protein, D-dimer, ferritin, and lactate dehydrogenase (LDH).

Outcomes of interest were oxygen demand on postoperative days 1 through 3, inpatient complications, length of stay (LOS), readmission, and death. Inpatient complications included blood transfusion, venous thromboembolism (VTE), cardiac complication, respiratory complication, acute kidney injury (AKI), and surgical site complication. Respiratory complications included hypoxia requiring prolonged administration of supplemental oxygen therapy beyond the third postoperative day, respiratory failure, and mechanical ventilation. AKI was defined as an increase in creatinine of 0.3 mg/dL or more in 48 h.

3. Results {#sec3}
==========

Ten patients met our selection criteria and were included in this study. The clinical characteristics and postoperative complications are outlined in [Table 1](#tbl1){ref-type="table"}. There were 8 females and 2 males, ranging from 67 to 90 years of age. All 10 patients sustained hip fractures after a low-velocity fall from standing height. Seven of the patients had a positive COVID-19 test upon presentation to the hospital, whereas the remaining 3 patients (Cases 1, 2, and 9) had a nosocomial infection with a positive COVID-19 test within 5, 8, and 9 days of admission, respectively. None of the patients presented with symptoms of fever, chills, cough, sore throat, dyspnea, chest pain, or fatigue. Only 1 patient (Case 4) presented with obvious signs of COVID-19 infection on presentation, with hypoxia and an oxygen saturation of 89% on room air. Another patient (Case 2) presented with mild hypoxia and an oxygen saturation of 94% on room air. The remaining 8 patients did not exhibit any signs or symptoms of COVID-19 infection on admission.Table 1Clinical characteristics and outcomes in 10 patients with COVID-19 who underwent hip fracture surgery.Table 1Case 1Case 2Case 3Case 4Case 5Case 6Case 7Case 8Case 9Case 10Clinical characteristicsAge (years), sex83 F82 F90 F88 F73 M81 F80 F78 F75 F67 MComorbiditiesAsthma, COPD, OSA, HTN, HLD, breast cancer, CVA, hypothyroidism, Sjogren\'s diseaseHTN, HLD, IBSHTN, CHF, DMHTN, DM, pancreatic cancer, renal cancer, dementiaHLD, BPH, OCDHTN, atrial fibrillation, hypothyroidism, hepatitis C, dementiaCognitive disorderHTN, TIA, hypothyroidismHTN, CAD, DMAsthma, kidney stones, BPHTime to surgery (days)1111122111Fracture type31A2.231B1.331A1.231A1.331A2.131A2.331A2.131B1.331A1.331B1.2Surgery performedCMNHemiCMNCMNCMNCMNCMNTHACMNFNSType of anesthesiaGeneralNeuraxialNeuraxialGeneralNeuraxialNeuraxialGeneralNeuraxialNeuraxialGeneralRespiratory symptoms on admissionFeverNoNoNoNoNoNoNoNoNoNoChillsNoNoNoNoNoNoNoNoNoNoCoughNoNoNoNoNoNoNoNoNoNoSore throatNoNoNoNoNoNoNoNoNoNoDyspneaNoNoNoNoNoNoNoNoNoNoChest painNoNoNoNoNoNoNoNoNoNoFatigueNoNoNoNoNoNoNoNoNoNoSpO~2~100% on RA**94% on RA**97% on RA**89% on RA**95% on RA97% on RA95% on RA98% on RA98% on RA98% on RALaboratory test values on admissionWBC (4.5--11.0 K/μL)7.79.58.7**12.0**8.48.5**19.517.717.013.1**Hgb/Hct (13.9--16.3 g/dL)/(42--52%)11.5/3514.4/4313.0/3910.5/30**7.7/23**15.3/4612.3/3512.7/3910.5/3212.9/38.5Platelets (150--450 K/μL)170302201204236225223230**624**164Creatinine (0.7--1.3 mg/dL)0.500.870.980.64**1.51**0.580.700.56**1.54**1.03Sodium (135--145 mmol/L)138139**129**136135136136**130128**139Potassium (3.5--5.2 mmol/L)3.3**5.7**4.73.64.84.44.04.14.53.9PT/INR (12.0--14.2 s)/(0.9--1.1)13.6/1.112.7/1.013.7/1.1**15.0/1.2**14.1/1.1**15.4/1.3**13.8/1.113.9/1.114.2/1.113.8/1.1PTT (24.6--34.7 s)23.224.527.329.829.225.630.032.426.528.8Inflammatory markersProcalcitonin (\<0.15 ng/mL)0.090.09--0.040.140.070.09--**0.48**--C reactive protein (\<5.1 mg/L)**194.132.1**--**30.7144.816.2111.3**------D-dimer (\<0.5 μg/mL)**5.852.88**--**8.996.084.918.64**------Ferritin (15--150 ng/mL)**2231220**--13**8011893350**------LDH (100--220 U/L)**284228**--**357357311453**------**Chest radiograph on admission**UnremarkableUnremarkableUnremarkableUnremarkable**Multifocal/atypical pneumonia**UnremarkableUnremarkableUnremarkableUnremarkableUnremarkable**COVID-19 medical treatmentYes (AZM, HCQ)**NoNo**Yes (HCQ)Yes (AZM, HCQ)**No**Yes (AZM, HCQ)**NoNoNoPostoperative outcomesSpO~2~ on POD199% on RA**98% on 2L NC**99% on RA**96% on 4L NC96% on 8L Venturi mask**97% on RA**98% on 4L NC98% on 2L NC**95% on RA97% on RASpO~2~ on POD298% on RA95% on RA97% on RA**94% on 2L NC97% on 4L NC**94% on RA**94% on 2L NC**95% on RA98% on RA98% on RASpO~2~ on POD393% on RA99% on RA96% on RA98% on RA**96% on 6L NC**\-\--(discharged on POD2)**90% on 2L NC**96% on RA96% on RA97% on RABlood transfusion**Yes**NoNo**YesYes**NoNo**Yes**NoNoVTE**Yes**NoNoNoNoNoNoNoNoNoCardiac complicationNoNoNoNoNoNoNoNoNoNoRespiratory complication**Yes (respiratory failure)**NoNoNo**Yes (prolonged hypoxia requiring supplemental O**~**2**~**)**No**Yes (prolonged hypoxia requiring supplemental O**~**2**~**)**NoNoNoAKINoNo**Yes**NoNoNoNoNoNoNoSurgical site complicationNoNoNoNoNoNoNoNoNoNoMortality**Yes (POD 19)**NoNoNoNoNoNoNoNoNoLOS (days)--4**7207**4**9**65[a](#tbl1fna){ref-type="table-fn"}Disposition--Acute rehabSARSARSARSARSARHomeSAR[a](#tbl1fna){ref-type="table-fn"}Readmission--**YesYes**NoNoNoNoNoNo--Reason for readmission--Symptomatic COVID-19Unknown (OSH records unavailable)--------------Time of readmission--POD 9POD 8--------------[^1][^2]

Laboratory test values on admission were notable for leukocytosis in 5 patients, significant anemia with Hgb\<8 g/dL in 1 patient, and elevated platelet count in 1 patient. Two patients presented with elevated creatinine. Hyponatremia and hyperkalemia were noted in 3 patients and 1 patient, respectively. PT and INR were mildly elevated in 2 patients and none of the patients had an abnormal PTT value. Of the 7 patients who received testing for 1 or more of the inflammatory markers of interest, all had at least 1 elevated inflammatory marker. Only 1 patient (Case 5) had an abnormal chest radiograph on admission that demonstrated evidence of multifocal or atypical pneumonia. Four patients (Cases 1, 4, 5, and 7) received COVID-19-specific medical therapy with hydroxychloroquine and/or azithromycin.

All patients underwent surgery within 2 days of admission. There were 7 patients who underwent cephalomedullary nailing for 31A-type fractures, 2 patients who underwent hemiarthroplasty or total hip arthroplasty (THA) for 31B1.3 fractures, and 1 patient who underwent internal fixation with the Femoral Neck System (DePuy Synthes, Warsaw, Indiana) for a 31B1.2 fracture. Four patients received general anesthesia and 6 patients received neuraxial anesthesia with a single-shot spinal anesthetic. There were no intraoperative complications.

Postoperatively, 5 out of the 10 patients required supplemental oxygen. Two of these patients (Cases 2 and 8) were successfully weaned off 2 L per minute (L/min) nasal cannula after postoperative day 1. Another patient (Case 4) was weaned off nasal cannula after postoperative day 2. The other 2 patients (Cases 5, and 7) had persistently elevated oxygen demands requiring prolonged administration of supplemental oxygen beyond postoperative day 3. None of the patients were put on mechanical ventilation.

Four out of the 10 patients received a perioperative blood transfusion. One patient (Case 1) was treated for a presumed VTE during hospitalization, and 1 patient (Case 3) had a postoperative AKI. There were no in-hospital cardiac complications or surgical site complications. One patient (Case 1) died during hospitalization on postoperative day 19 after being found unresponsive, likely due to respiratory failure. One patient (Case 10) remained hospitalized at the time of reporting; he was medically cleared for discharge to a rehabilitation facility, but awaiting insurance authorization. Four of the remaining 8 patients had a LOS ≥7 days, with the average LOS among these patients being 7.8 days. Seven patients were discharged to rehabilitation facilities and 1 patient was discharged home with services. Lastly, there were 2 early readmissions. One patient (Case 2) was readmitted at our institution for symptomatic COVID-19 infection. The other patient (Case 3) was readmitted at an outside hospital and we were unable to access the outside records to assess the reason for readmission.

4. Discussion {#sec4}
=============

In this study, we presented the clinical characteristics and early outcomes from a cohort of 10 COVID-positive patients who underwent hip fracture surgery at our institution during the COVID-19 outbreak in New York City. All of the patients underwent surgery within 2 days of admission. Eight out of the 10 patients in our series were asymptomatic on admission with no clinical signs or symptoms of COVID-19 infection. Only 2 patients presented with hypoxia. However, 5 out of the 10 patients -- including the patients who presented with hypoxia -- subsequently required supplemental oxygen postoperatively. Two patients were successfully weaned off supplemental oxygen by postoperative day 2 and 1 patient was weaned off supplemental oxygen by postoperative day 3. The remaining 2 patients, however, continued to have increased oxygen demands requiring prolonged supplemental oxygen therapy beyond postoperative day 3. Neither of these patients ultimately required mechanical ventilation. Only 1 patient in our series had a presumed VTE postoperatively and this patient subsequently died on postoperative day 19, likely secondary to respiratory failure. There were no other deaths in the early postoperative period in this series of COVID-positive hip fracture patients who underwent urgent surgical intervention at our institution.

COVID-19 symptoms vary substantially among patients, ranging from no symptoms to respiratory failure.[@bib10] Mild presentations may include flu-like symptoms, such as cough, muscle pain, sore throat, and fever. However, more severe pulmonary symptoms can also occur, with patients such as the elderly and those with existing comorbidities being at particularly high risk for dyspnea, interstitial pneumonia, acute respiratory distress syndrome (ARDS), and multi-organ dysfunction. Hip fracture patients represent a high-risk population, as they are generally older with multiple medical comorbidities. Extensive literature has consistently demonstrated the benefits of early hip fracture surgery for elderly patients, which include reducing bed rest, promoting early mobilization, controlling pain, improving function, and reducing mortality.[@bib3]^,^[@bib4] However, the high risk associated with severe respiratory dysfunction and pneumonia secondary to COVID-19 infection may represent a contraindication to urgent hip fracture surgery in COVID-positive patients. Furthermore, in patients who proceed to hip fracture surgery, pulmonary complications are known to be a significant contributor to postoperative morbidity, with the incidence of these complications estimated to be approximately 4%--9%.[@bib11]^,^[@bib12]

At our institution, all patients who underwent surgical procedures during the COVID-19 outbreak were required to have COVID-19 diagnostic testing within 48 h of the procedure. The operating room protocols for COVID-positive patients at our institution are outlined in [Fig. 1](#fig1){ref-type="fig"}. COVID-positive patients were transported directly from their hospital room to a designated COVID-specific operating room without passing through the usual preoperative holding area. Only essential staff were permitted in the operating room, all of whom had appropriate personal protective equipment (PPE), including N95 respirator masks, face shields, gowns, and gloves. Anesthesiologists utilized neuraxial or regional anesthesia when appropriate, and video laryngoscopes to assist with endotracheal intubations to reduce exposure. A designated "runner" outside the operating room was available to retrieve any required equipment or supplies throughout the procedure, in order to limit incoming and outgoing traffic in the operating room. After completion of the surgical procedure, COVID-positive patients remained in the operating room for post-anesthesia care and recovery, with the recovery room nurse coming into the operating room to provide care. After patients had satisfactorily completed their post-anesthesia care, they were transported directly from the operating room back to their hospital room.Fig. 1Operating room protocols for COVID-positive patients at our institution.Fig. 1

There has been limited information available on the presenting characteristics and outcomes of COVID-positive patients with hip fractures. Mi et al. published one of the first reports on the characteristics and early prognosis of patients with a fracture and COVID-19 infection in China.[@bib7] In their series of 10 patients, 6 had sustained hip fractures and only 3 underwent surgery. These 3 patients did not present with any severe symptoms on admission or have any clear evidence of COVID-19 infection on CT scans, and thus, proceeded with surgical intervention. All 3 patients were observed to have fever and cough postoperatively, and 2 of the patients had symptoms of dyspnea. One of the 3 patients died on postoperative day 11, while the other 2 patients remained in the hospital for further treatment.

Another study by Catellani et al. reported on a series of 16 COVID-positive patients with proximal femoral fractures in northern Italy, of which 13 underwent surgical treatment.[@bib8] All of the patients in this series reported symptoms of fever and dyspnea prior to admission, and had signs of oxygen desaturation on room air upon presentation to the emergency room. The majority of patients in this study demonstrated significant improvements in oxygen saturation and respiratory function following surgery. However, 4 out of the 13 patients (30.8%) died with the first week after surgery. High early mortality rates in COVID-positive hip fracture patients were also reported in another study in Italy by Maniscalco et al.[@bib13] In this cohort, 32 COVID-positive hip patients were treated surgically, and there was a 43.8% (14/32) mortality rate within 21 days. These early reports from China and Italy suggested a higher rate of mortality in the early postoperative period for patients with a hip fracture and COVID-19 infection.

Similar findings have also been reported in a more recent study in Spain. A multicenter, observational study from 13 major hospitals in Spain examined the early mortality rate in 136 hip fracture patients who were treated surgically or nonoperatively during the COVID-19 pandemic.[@bib9] Of the 62 patients who were tested for COVID-19 in their cohort, 23 patients had positive test results. The early mortality rate in this group of COVID-positive hip fracture patients was approximately 3 times higher than that for COVID-negative hip fracture patients. This was consistent with the high early mortality rates noted in the earlier reports from China and Italy.

The findings from our cohort of 10 COVID-positive hip fracture patients in New York City who underwent surgical treatment differed from the above mentioned studies in China and Europe. The early mortality rate in this series was only 10%. However, it is important to note that nearly all of our COVID-positive patients were asymptomatic or had only mild symptoms on presentation. The 3 hip fractures patients who underwent surgery in Mi et al.'s study similarly had no severe symptoms on admission, but the 13 patients in Catellani et al.'s study all presented with evidence of symptomatic COVID-19 infection.[@bib7]^,^[@bib8] This difference in the presentation of COVID-19 symptoms on admission likely contributed to the observed discrepancy in early mortality rates between our patient cohort and those of prior studies.

In our study, nearly half of the patients had an inpatient stay ≥7 days, and the average LOS among discharged patients was 7.8 days. This is slightly longer than the average LOS after hip fracture surgery reported in past studies, which has ranged between 5 and 6 days.[@bib14]^,^[@bib15] Three of the 4 patients in our cohort who had a LOS ≥7 days had increased oxygen demands postoperatively and required prolonged administration of supplemental oxygen therapy beyond the second postoperative day. The fourth patient had a postoperative AKI that required treatment with intravenous fluids over several days. These postoperative complications likely contributed to the longer inpatient stay.

This study has several limitations. First, we had a small sample size of COVID-19-positive patients who underwent hip fracture surgery, despite being an institution in the epicenter of the COVID-19 outbreak in the United States. However, this sample size was comparable to existing case series in the literature. Second, we limited our inclusion criteria to patients who underwent surgical intervention. This excluded patients with hip fractures and COVID-19 infection who were deemed to be unsuitable candidates for surgery for reasons such as medical instability from existing comorbidities or severe COVID-19 infection. Therefore, our findings should not be extrapolated to hip fracture patients with severe presentations of COVID-19 infection. Third, the short follow-up period may have resulted in an underestimation of the mortality rate. Longer term follow-up will be needed to assess morbidity and mortality beyond the early postoperative period. Lastly, our study population was limited to only patients within the New York metropolitan area, thereby potentially limiting generalizability to patient populations in other geographic regions with different baseline demographics and comorbidity profiles.

In conclusion, this study described the clinical characteristics and early outcomes after hip fracture surgery in patients who presented with asymptomatic or mild COVID-19 infection in New York City. Despite the absence of clinical signs and symptoms of COVID-19 infection in nearly all of these patients on admission, half of these patients subsequently had increased oxygen demand postoperatively requiring supplemental oxygen therapy. However, more than half of these patients who had increased oxygen demand postoperatively were successfully weaned off oxygen therapy within 3 days after surgery. Furthermore, the mortality rate in the early postoperative period in our series was only 10%, which is in contrast to the higher mortality rates reported from studies in China and Europe. Our findings suggest that hip fracture patients who present with asymptomatic or mild COVID-19 infection may have temporarily increased oxygen demands postoperatively, but they can safely undergo early surgical intervention after appropriate medical optimization.

Institutional Review Board approval {#sec5}
===================================

IRB approval was obtained for the submitted work at our institution.

Funding {#sec6}
=======

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Declaration of competing interest
=================================

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper.

None.

[^1]: COPD: chronic obstructive pulmonary disease; OSA: obstructive sleep apnea; HTN: hypertension; HLD: hyperlipidemia; CVA: cerebrovascular accident; IBS: irritable bowel syndrome; CHF: congestive heart failure; DM: diabetes mellitus; BPH: benign prostatic hyperplasia; OCD: obsessive compulsive disorder; TIA: transient ischemic attack; CAD: coronary artery disease; CMN: cephalomedullary nail; Hemi: hip hemiarthroplasty; THA: total hip arthroplasty; FNS: Femoral Neck System; RA: room air; AZM: azithromycin; HCQ: hydroxychloroquine; NC: nasal cannula; POD: postoperative day; SAR: subacute rehab; OSH: outside hospital.

[^2]: Remains hospitalized -- medically cleared for discharge but awaiting insurance authorization for admission to a rehabilitation facility.
